This research investigates the effects of social networks on students' performance in online education which uses networking as an adjunct mode for enhancing traditional face-to-face education or distance education. Using data from a 40-student course on Advanced Management Information Systems (AMIS), we empirically tested how social networks (friendly, advising, and adversarial) related to students' performance. First, advising network variables are positively related to student performance both in the class and on the forum. Adversarial variables are negatively correlated with almost all students' performance. Second, advising and adversarial network variables are good determinants for overall academic performance; however, adversarial network variables are not influential on students' performance on the forum. Friendship network variables are not determinants of students' performance. Implications for the results are also discussed.
I. INTRODUCTION
The impact of the Internet on education is an important issue that has caught both educators' and practitioners' attention in recent years [1] [2] [3] [4] . According to Harasim [5] , three new modes of education delivery make online education distinctive. They are (1) adjunct mode: using networking to enhance traditional face-to-face education or distance education; (2) mixed mode: employing networking as a significant portion of a traditional classroom or distance course; (3) pure online mode: relying on networking as the primary teaching medium for the entire course or program. Among these three education delivery modes, the pure online mode has caught the most attention. Several successful cases or critical factors of pure online education have been reported [see especially 6, 7] .
One major concern of online education is whether the learning is effective. Many studies have been conducted to explore the effectiveness of Web-based distance learning or asynchronous learning [8, 9] . Although most studies showed that the learning outcomes of distance learning or asynchronous learning are as effective as or more effective than those of traditional face-to-face teaching [10] [11] [12] [13] , the results were not conclusive since the learning materials and goals might exert significant influence on outcomes. For example, conceptual learning might be different from technique learning [4] . Negative effects such as decrease in group effectiveness, increase in time required to complete tasks, and decrease in member satisfaction were confirmed [14] . Students' feeling of isolation may also become an obstacle in pure online education [15] . The adjunct mode and the mixed mode of online education should be explored in more detail because these two modes of online education could possess the advantages of both pure online and traditional face-to-face teaching. Yet, few studies have been conducted to explore the adjunct mode of online education [4, 16, 17] . Little is known regarding the learning effectiveness of these forms of online learning.
Several recent studies demonstrated that asynchronous online interaction might provide learners flexibility, stimulate more innovative ideas, and facilitate learning. For example, Dietz-Uhler and BishipClark [18] found that face-to-face discussions preceded by Computer-mediated Communications (CMC) were perceived to be more enjoyable and could include a greater diversity of perspectives than the faceto-face discussions not preceded by CMC. Hammond [19] also argued that there is a particular educational value in a communicative approach to online discussions. Benbunan-Fich and Hiltz [20] found that groups working in an asynchronous network environment produced better and longer solutions to case studies, but were less satisfied with the interaction process. Picciano [21] found that students' online interactions were related to written assignments but not students' final grades. Thus, it would be interesting to investigate students' learning outcomes when online discussion forums are integrated into traditional classroom pedagogy, as in the adjunct mode of online education.
The importance of interpersonal interaction in learning is undoubted. Several learning theories put special emphasis on the effects of interpersonal interaction on learning outcomes [22] . For example, collaborative learning theory assumes that learning emerges through interactions of an individual with others. Online collaborative learning has also been explored and substantial interaction differences were found when compared with face-to-face collaborative behaviors [23] . Constructivism regards learning as a social process that takes place through communication with others. The learner actively constructs knowledge by formulating ideas into words, and these ideas are built upon reactions and responses of others. In other words, learning is not only active but also interactive [24] . From the perspectives of collaborative learning and constructivism, interpersonal interaction is one of the most important elements or processes of learning. As one of the most popular approaches for investigating human interactions, social network analysis is utilized in this study to contrast the social network effects on learner's performance between online and offline learning.
The measurement of student performance is certainly open to many definitions. Depending upon the content of the course and the nature of the students, successful completion of a course, course withdrawals, grades, added knowledge, and skill building are some of the ways by which performance is measured, [21] . It is not the intention of this study to measure the students' perception of learning experiences, but rather to measure their credit achievements on the forum and in the class.
To address the issue of learning effectiveness of this adjunct mode of online education, it is better to design a field experiment comparing student performance among three modes of online education. Unfortunately, it is difficult to design the same experimental conditions for all three modes (i.e. the same subjects, the same learning time) in a manner that makes the comparisons sound and valid. Questions raised in this study are: (1) is an individual's position in a social network related to his or her performance online and offline? (2) what kind of social relations are linked with a student's academic performance?
The main purpose of this study is to explore the impact of interpersonal relationship networks on students' academic performance online and offline, and to find out the key human relationship determinants for students' performance.
II. THE EFFECTS OF SOCIAL NETWORKS ON AN INDIVIDUAL'S PERFORMANCE
There is a growing body of studies emphasizing that individuals are embedded in their societies. Thus, the related social structure, though sometimes invisible, is often associated with instrumental outcomes, including power [25] , innovation [26] , learning outcomes [27] , and job performance [28] .
Haythornthwaite [29] examined the distance learners' interactions in class and profiled students' roles and information exchange among distance learners' social networks. In a university course, Guldner and Stone-Winestock [30] empirically demonstrated that appropriate arrangement of groups according to each student's position in a social network might increase the student's learning satisfaction and academic performance.
The social network approach holds that the behavior of an individual is affected by the kinds of relations, or technical ties, and networks more than by the norms and attributes that an individual possesses. The social, informational, or material resources that two individuals exchange characterize their ties. In social network analysis, these resource exchanges are termed "relations." Some positive and negative relations are assumed to be related to an individual's performance. Researchers empirically demonstrated that friendship and advice relations were positively related to a student's academic performance and an employee's job performance. On the other hand, the effects of an adversarial network were negatively related to performance [27, 28] . It seems worthwhile to investigate the effects of the three social networks on student performance online and offline.
Centrality is one of the most important concepts in social network analysis. The most common notion is that if a person is central in his or her group, he or she is the most popular individual in the group and gets the most attention. In early sociometry literature, centrality is called social status [31] and the sociometric concept of "star" refers to the same idea. Intuitively, a point is central if it is at the center of many connections; the simplest and most straightforward way to measure "point centrality" is by the degree of connectivity in the graph. Therefore, it is interesting to study the relationship between an individual's centrality in campus social networks (friendship, advising, and adversarial networks) and his or her performance in the classroom and in the forum.
A. Friendship Networks
Friendship between two people can emerge only if and when their paths cross.They will have to 'meet' before they can 'mate.' They would be more likely to meet if they share, for example, the same living, school, or work environment, or if their social networks overlap [32] . Once two people meet, whether or not they decide to pursue a friendship depends on many additional factors. The structural context not only determines whether individuals meet, but also influences other important factors such as visibility and propinquity. Increased visibility and exposure increase the likelihood of becoming friends [33] . Therefore, a student who is central in a friendship network has more opportunities to access resources that may be important to successful academic performance. Perhaps most importantly, the existence of a positive social relationship is in itself [34] a resource for a student in coping with academic related stresses. Friendship networks often entail access to information and knowledge directly and indirectly, and the friendship network effect on student academic performance has been confirmed [27] . A student who is central in a friendship network has a greater chance of helping others and being helped; thus, he is likely to perform better in the traditional instructional setting. Likewise, those who are central in their friendship networks are likely to be popular in the Web-based forum, and the possibility of performing an excellent job in the forum is also higher. If a student performs a job in the forum well, he or she has a better chance to develop friendships with other students. Thus, the following hypotheses were formed.
Hypothesis 1a. Individual centrality in a friendship network is positively associated with individual performance in the traditional instructional setting.
Hypothesis 1b. Individual centrality in a friendship network is positively associated with individual performance on the Web-based forum.
B. Advice Networks
Advice networks consist of relations through which individuals share resources such as information, assistance, and guidance that are related to the completion of their work [28] . The advice network is more instrumental-oriented than is the friendship network (which is more social-oriented). Advice networks can be classified as instrumental ties rather than primary ties [35] . When a task is to be done, an individual can enhance his or her job by obtaining help from available advice networks. Thus, centrality in the advice network reflects an individual's involvement in exchanging resources in the process of problem solving. A student who is central in his advice network is capable of accumulating information, knowledge, and experiences about task-related problems, and thus is likely to perform better in the traditional classroom setting. Likewise, he is also more likely to perform well on the Web-based forum because he is expected to give advice to others, and sometimes give more high quality opinions. 
C. Adversarial Networks
Adversarial relations refer to those relations that may involve negative exchanges. Those kinds of relations cause emotional distress, anger, or indifference. They have been demonstrated empirically to be detrimental to student performance and satisfaction [27] , and thus, are negatively related to work performance [28] . Adversarial relations may thwart information and knowledge exchange, and thus it is quite reasonable to infer that adversarial relations are negatively related to student performance. By the same token, if a student has an adversarial image on the forum, he or she has less of a chance to develop good relationships in the classroom, thereby undermining his or her chance of getting information or knowledge from others. Based on our earlier discussion, the following hypotheses are proposed:
Hypothesis 3a. Individual centrality in an adversarial network is negatively associated with individual performance in the traditional instruction setting.
Hypothesis 3b. Individual centrality in an adversarial network is negatively associated with individual performance in the Web-based forum.
III. RESEARCH METHOD A. Samples and Procedures
Forty graduate students took a required course, "Advanced Management Information Systems (AMIS)", at National Cheng-Chi University, Taiwan. The three-credit course is a combination of traditional lecture, paper reading, text-book case and live case discussions. Case-based learning is widely used in business schools and makes discussion important in these learning environments. A Web-based forum was set up specifically for this course to stimulate students' in-depth discussions and to release the time constraint of the classroom discussion. Fourteen teams were formed: twelve teams consisted of three persons and the others had two. Each team had to write a live MIS case, present it in class, and develop discussion questions. Before each class, students had to submit answers to several pre-class questions, and they had to participate in the discussions in the forum after each class. The role of the online forum in this class was to supplement in-class discussions. Each week, the instructor provided some controversial topics to be discussed. One team, who wrote a live case, provided other questions and was responsible for writing the weekly summaries. Students were also free as web-board masters to call other students to discuss any case-related questions. The discussion questions might look like "is Taco Bell capable of selling foods on Internet? Why or why not?" or "could EZPEER, an Internet peer-to-peer MP3 exchange center, survive?" Some debates were zealous and interesting. At the end of the semester, a questionnaire was e-mailed to all students. Only one student turned in an incomplete questionnaire, leaving 39 usable samples. Of the 39 respondents, 13 were from females. One was a foreign student in her second year; the remaining were in their first semester. Most of them were unacquainted with one another before entering this program, and their social networks developed gradually during the semester-in class, after class, and in the forum.
B. Measures
The questionnaire was designed to measure the social network variables. It consisted of seven items to measure individual centrality in terms of advice, friendship, and adversarial dimensions. Students were asked to pick names from a list of all students. Following the work of Ibarra [26] and Sparrowe et al. [28] , advice relations could be assessed by asking respondents three questions, such as "do you go to [name] for help or advice while you have pre-AMIS and post-AMIS questions?" Instead of using one item that is unreliable, three items were administered to acquire a more trustworthy measure of the advice network. Following the work of Baldwin and colleagues [27] , friendship relations were measured by asking two questions: "Which of the following individuals will still be your friends after you go off campus?" "Whom will you invite if you have a celebration, such as a birthday party?" Similarly, the adversarial relations were measured by asking them two questions: "Which of the following individuals are difficult to keep a good relationship with?" "Who is difficult to get along with?" The questionnaire is provided in the Appendix.
Student academic performance included four components: live case, final exam, classroom performance, and forum performance. Classroom performance was measured by classroom presentation and participation in discussions. The forum performance was assessed based on posting quality and quantity. The posting quantity score was computed as follows: 11 postings was the minimum required; 0.05 points for each additional posting was given (up to a maximum of 3 points). Posting quality was subjectively judged by the instructor (the first researcher) according to criteria such as creativity, soundness, usefulness, and more. At the end of the semester, there was an election of "best performers in the forum," as voted by all students. The election results also gave the instructor an important quality reference.
IV. RESULTS

A. Common Factor Analysis
Normalized in-degree centrality scores were adopted in this study since they are easier to comprehend [36] . In-degree centrality is a form of centrality that counts only relations with a focal individual reported by other members. In this study, the seven-item questionnaire assigned to each student seven normalized in-degree centrality scores which measured his or her prominence in terms of advice, friendship, and adversarial dimensions. In addition, factor analysis was adopted to analyze these network variables. The results are shown in Table 1 . Three factors were extracted by the un-weighted least square method. Three factors explaining 84 percent of the variance in the network measures have eigen values greater than 1.0. The three advice network centrality items show high loadings (from 0.73 to 0.81) on the first factor, and the two adversarial centrality items show high loadings (greater than 0.85) on the second factor. However, the two friendship centrality items show inconsistent loadings on the first and third factors (from 0.37 to 0.79), which implies that the latent factor of friendship is not significantly different from that of the advice. Item 2 for measuring friendship "Whom will you invite if have a celebration, such as a birthday party?" was excluded from further analysis because few respondents in the study replied that they would ever hold a birthday party (this is probably because our activity example, a birthday party, is not a custom in Chinese culture, although we used the phrase, "such as"). In other words, this item is a little flawed, which might explain the inconsistency. Even though there are a few inconsistent factor loading patterns in Table 1 , the results demonstrate convergent and discriminate validity for the network scale in this study. 
B. Relationship between Social Network Variables and Students' Academic Performance
To make results more concise and understandable, three factors were extracted for further analysis. As shown in Table 2 , Pearson correlations were computed between network factors and student performance in class, in Web-based forum, and in overall academic grades.
The results in Table 2 seem to support Hypotheses 1a and 1b since significant relations exist between academic performance indicators and friendship factor coefficients. The results are slightly different from Baldwin, Bedell, and Johnson's findings [27] . In their study, centrality in friendship networks was found to be related only to team-based learning satisfaction, not with an individual's performance. Our results could be explained as follows. Friendship usually serves a psychological function of companionship. Centrality in friendship might give an individual a better chance of gaining access to information and knowledge, though he might not take advantage of it or be aware of it. However, some caution is needed in explaining the effects of the friendship. Centrality in friendship might be related to learning outcomes both in the classroom and on the forum, but its effects might be through some intervening variables such as learning motivation and emotion, or advice network centrality. By the same rationale, the most popular student in a class may not necessarily outperform others.
As shown in Table 2 , Hypotheses 2a and 2b are corroborated. Centrality in advice networks was related positively to scores in classroom participation and on the forum. That is to say, the individual, who was central in the advice network was expected to perform better in discussion, both in the classroom and in the Web-based forum. However, advice centrality was not significantly related to final exam score and case study performance. An individual's final exam grade is no doubt related to several variables such as effort, ability, and so on. Thus, the effect of advice centrality might be weakened by other uncontrolled factors in the current study. In addition, the case study performance was related more to team performance because the live case and its accompanying discussion questions were written and prepared by all team members.
The results in Table 2 partially support Hypotheses 3a and 3b. Centrality in an adversarial network was negatively related to all academic indicators. However, only final exam scores and overall grades were significantly related to adversarial centrality. These findings were not surprising since respondents' replies to the "adversarial items" were sparse, with an average of 1.49 "relations" on the first item and 1.26 on the second. The sparse relations made adversarial centrality a less powerful index.
Summing up, all hypotheses are partially supported in this study. Friendship centrality and advice centrality were positively related to student performance both in the classroom and on the Web-based forum, and adversarial network centrality was negatively related to students' academic performance indicators, although some were insignificant. 
C. Network factors on predicting academic performance
As noted in the above discussions, friendship centrality, advice centrality and adversarial centrality were related to academic performance indicators. Hence, it would be interesting to study what were the best determinants of a student's class performance offline and online. In addition, were there any differences between the determinants? Table 3 presents the results of regression analyses with an individual's overall grade as the dependent variable and three network structure variables as the independent variables. As shown in Table 3 , advice network centrality was the best determinant of a student's grade, and adversarial centrality was another good predictor. These two network factors could explain 25 percent of the total variance. These results are comparable to findings by Sparrowe and colleagues [28] . In their study, advice network and "hindrance" network variables could explain 13 percent of the variance in in-role performance and 10 percent in extrarole performance, and 23 percent of the total variance.
It would be interesting to find the best determinant of students' performance on the forum. Tables 4 and 5 present the step-wise regression results with the dependent variables forum posting quantity (determined by the number of postings) and posting quality. As shown in the tables, the best determinant of a student's performance on the forum, both quantity and quality, was advice network. Advice network variables could explain 20 percent of the variance in posting-quantity performance, and 34 percent in postingquality performance.
In comparison with the results in Table 3 , adversarial network centrality was excluded in the prediction of student performance on the forum. A reasonable explanation is that the effects of adversarial network were weaker in the forum. With the distance in space and time, the effects of a negative relationship were not as influential as in the face-to-face settings. Another difference existed between forum posting performance on quality and quantity. The forum posting performance, measured by quality and quantity, could be determined to an extent by advice network variables. However, advice network accounted for more variance in posting quality than in posting quantity. These results could be attributed to the measurement itself. The quality of student performance in the discussion forum was evaluated subjectively by the course instructor, whereas the quantity of performance was computed objectively by the number of postings. 
V. DISCUSSION
It is interesting that while e-learning, distance learning, and asynchronous learning have a great impact on education systems globally, the traditional classroom pedagogy has not been replaced by these new learning modes. Instead, more and more teachers have explored Web-based applications by providing discussion forums as extension to, rather than replacement for, "conventional" teaching. One plausible reason is as follows. As an important component of learning, interpersonal relationship may foster the exchange of information and knowledge, or may enhance learning motivations. Such a role could not be easily replaced by only computer technology. Even for pure online learning, exchange of information and social support with others may enhance student performance and satisfaction [21, 37] . For example, Rafaeli and Sudweeks [38] found that online conversations are more social in nature and that interactive messages seem to be humorous, contain more self-disclosure, display a higher preference for agreement, and contain many first-person plural pronouns. This indicates that interpersonal interaction plays an important role in online learning.
The relationship between network structure and learning has been investigated since the inception of sociometry decades ago [39] . However, few researchers have examined the effects of network structure on learning achievement or job performance [40] . This can be explained by the fact that "complex network indices" were developed in late 70s to 90s, and the calculation of these indices requires the use of computers. The explosive use of the Internet has made CMC a hot research topic, and modern social network analysis is widely known and exploited nowadays [41] . The empirical study demonstrated that network structure is related to student performance both in the classroom and on the Web-based forum. The relationship between network structure and student performance might be reciprocal, that is, there might be no implicit causal relationship behind this relationship. This study further demonstrated that the three types of network, friendship, advice and adversarial, might be related to student performance both in the class and on the discussion forum.
How can the results be explained? Network effects on student performance were confirmed in previous studies [27, 28] . However, this study showed that network effects on student performance exist for both on-line and off-line learning. Most students in the study did not were not acquainted before joining this program; and the "relationships" developed during the semester. The acquaintances among students began in the face-to-face classroom. However, the 24-hour forum fostered their familiarity. One team member wrote in the private notepad for her team (which could be accessed by only themselves and the instructor); "Because of the forum connection, we have become very intimate, so close, even closer than our families, lovers, and others."
The social network formed by these students was different from that of distance learners (as in Haythornthwaite's study) since the latter developed their relationships mainly through online interactions. Actually, there were three sessions during which the students could develop their networks-in the AMIS class, before and after the class, and in the forum. Since the class period was only three hours per week, we might conjecture that most of the friendship and adversarial networks developed after the class. In the AMIS class, most of the discussions were one (lecturer) to many (students). Therefore, although students were motivated to show their knowledge during the class, the advice network could not develop. However, on the forum, the discussions were many to many. Everyone was free to express an opinion and knew the teacher was watching to see how valuable were the opinions or information they provided to all the members of the forum. The advice network could naturally evolve over time. This might explain why the advice network centrality is the best determinant for explaining performance variance.
Because the students' social network developed before the final learning outcomes, we assert the tentative proposition that a social network exerts its effect on learning processes and effectiveness even though there is no true causal relationship has ever been established.
Furthermore, if the advice network has determining effects on students' academic performance, then what are the implications for instruction design? A Web-based forum may offer an excellent medium for students to communicate with each other, a chance to express themselves [42] , and an environment with fewer problems, such as those connected with shyness. If knowledge is mainly constructed through interaction among students and between students and their instructor, then interactions among students should be strongly encouraged. Then, a Web-based forum may provide students a field where they can freely discuss, ask questions, give opinions, and learn after class. There are several methods that can enhance online learners' interactions, such as provision of a controversial topic for debate or structuring a controversy [43] . Some hot debates (such as Microsoft's privacy invasion, fast-food selling skills, and others) occurred in this study during some weeks. Stimulating students' interaction and providing appropriate feedback may become a teacher's main tasks.
Future work should focus on the design and management of learning structures in a way that promotes network development. For example, it is important to know what should be included in a class discussion and what should be left or extended to the forum. The future challenge will be how to design different instruction and discussion sessions online and offline in order to fully exploit the advantages of students' social networks.
A. Limitations
This study has several potential limitations. The first concerns the validity of performance measures. Several activities were required for students in the course: live-case preparation, discussions in the classroom and on the forum, and final examination. Yet, there were no objective measurement scales for performance in all these activities. Even though some criteria were set up, such as the "best performers on the forum" elected by all respondents, to crosscheck the validity of performance measurement on the forum, there could exist bias in an individual's ratings.
Second, our regression analyses imply that network structure phenomena precede an individual's performance. However, the relationship between individual performance and network structure might be reciprocal. For example, it is possible that when one performs well in the class and on the forum, one's popularity will increase in the friendship and advice networks. This needs to be confirmed by further investigation.
Third, only one class participated in this study and the subjects were graduate students in a university in Taipei. Thus, the representativeness of the sample is questionable; caution must be exercised in generalizing the results.
VI. APPENDIX
Questionnaires to measure network variables: 
